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1.0 INTRODUCTION AND SUMMARY

The objective of the MOS FET Research and Development Program
initiated in March 1965 was to provide stable N and P channel units using
procesalng technigues compatible with the fabrication of complementary MOS
FET monolithic functional blocks. The work was funded by GSFC-NASA under
the following contract and task numbers:

Contract No. NAS 5-3758

Proc. Control Ne. W. G.0. No.
670-WL6787 A512/,8BA
670-WL6786 A51248A7
670-WL6753 A51248AW
670-WLE752 A51248AY

Under these tasks Westinghouse was required to deliver stable
N and P channel MOS FETs and the detailed process specifications required
to fabricate the units. Also process specifications for monolithic comple-
mentary MOS FET using both junction and dielectric isolation were required.

The report entitled "MOS FET Research and Development Program,
Part 1" covers the initial phase of work carried out under this program.

A process for the simmultaneous fabrication of complementary
enhancement mode MOS transistors in epitaxial material has been developed.
The turn on voltages at 10 pa drain to source current is typically +1.5
volts for the N channel and 4.8 volts for the P channel MOS FETs. Stable
N and P channel units were delivered November 4, 1965. The process

specifications and stability data are enclosed in this report.

1-1
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2.0 TECHNICAL DISCUSSION

2.1 MOS FET Design Considerations

2.1.1 Mask Design

In the early part of the program, frequency response or switching speed
was not of primary concern but rather, the goal was ease of fabrication with
readily defined dimensions. An anmular configuration was chosen so that no
surface channel paths would enter into the results other than between the source
and drain. The dimensions of importance are shown in Table 1 for the device

shown in Figure 2.1.

Channel Areas (less contact pads)
Width w/1 Gate Drain Source
5 5 Table 2.1
0.5 mil 76 58 mils 75 mil™ 150 mils
1.0 mil 40 82 mils® 75 mil® 160 mils®

Masks for a new unit have been fabricated which have dimensions
reduced by a facter of two. These new units have line widths and spacings of
0.25 mil and have areas one fourth that of the original design. The masks were
also designed such that complementary units could be fabricated without making
additional mask designs.

2.1.2 Review of MOS FET Theory

The basic theory of MOS FETs is reviewed briefly to point out the major
factors involved in the design. Given first is the threshold voltage (VT) which
is the gate voltage which corresponds to the onset of inversion at the surface

or which correspords to the onset of current flow through the surface channel.lag/
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where q = electronic charge

Ko = dielectric constant of the oxide

€= permittivity of free space

t . = oxide thickness

ox

N*s = surface state charge

[~

NB = bulk charge contribution

(+ for N type substrate thus for
p channel MOS FETs)

¢ms = metal-semiconductor work function

The channel conductance with no bias on the source and drain is

4s vy v t 1 gs
s gs ox ¢

The transconductance in the region beyond current pinch off 1s

I b kew
= ds - " eoc (V, _-T)
En 7 v T 1 gs T
g d ox ¢

It is seen that for the conditions specified above

&~ B4s
Both of these expressions have been used to calculate the channel
effective mobility 4 from the measured values of gn and g s Clearly, those
factors that increase the transconductance decrease the drain to source
resistance for the conditions given.
The threshold voltage (VT) may be determined from the expression for
the channel conductance (gsd) for V, < (Vgs - VT) or it may be determined from

d
the expression for the drain current in the pinch off region as shown below.

I _ ) koeowc (v - VT)2
ds 21t g
c oX
2=2
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Of course from the definition V88 = VT when IDS or gng is eqgual to

zero. In practice, the gate voltage to achieve 10 pa drain to source current
with the device biased in the pinch off region is normally used to character-
ize the turn on. This gate voltage is called the turn on voltage (Vést).
Further, it is general practice to let Vds = Vgs for this measurement. One
obtains the transfer characteristic shown in Figure 2.2. On the C~-V curve,
the turn on voltage (Vgst) will lie closer to the capacitance minimum than the
threshold voltage (VT) as shown in Figure 2.3. See also the discussion in
Part I of this report.

In the mask design, provision was made to fabricate MOS capacitors
on the same wafer with the devices to eliminate difficulties in interpretation
of the C-V measurements made on the transistors which is caused by the source

and drain junction capacitance. The C-V curves were made to provide a direct

measurement of the surface states (Nss). Once one has the surface state density

one may calculate the threshold voltage (VT). It has been shown that the
voltage difference between C-V curves with ideally no surface states and the

case with surface states is

A theoretically best obtainable and a typical experimental C-V curve
is shown in Figure 2.4. This voltage shift caused by the surface states
corresponds to the voltage shift between the theoretically best obtainable

threshold voltage VT and those obtained experimentally as shown in the same
figure.

2-3
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One of the important parameters involved in the design of complemen-
tary MOS FETs is the bulk doping level ( l NA - ND|). By proper choice of

background doping level, one may hope to obtain matching threshold voltages
for N and P channel MOS FETs. Figure 2.5 shows the threshold voltage vs.

p channel 0 = -0.7v for n channel, tax =

n .
7 ‘ms
12004 end for N__ =5 x 10" cn?. In the calculation, it is assumed that

the surface is completely inverted so that NB is the product of the net

dopant elements per cubic centimeter and the thickness of the depletion region.

The value of NB

minimum capacitance for the high frequency C-V measurements. From this

may be determined experimentally by observing the

value of NB and sheet resistivity measurements then, the mobility of the
majority carriers of the bulk material may be determined. Thus, the C-V
measurements combined with MOS FET measurements may be used to correlate

bulk and surface mobilitjes of opposite carrier types in the same crystal.

2=k
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2.2 Processing Considerations and Experimental Results

The fundamental approach taken in the design and fabrication of these
N and P channel MOS FETs was that all of the processing steps would be compatible
with the fabrication of monolithic complementary FEB's. For this reason and
to eliminate starting material variations all of the studies were conducted on
epitaxial material.
2.2.1 Processing Prior to Formation of Gate Oxide

In the fabrication of separate N or P channel units and complementary
units, the following procedures are used.
2.2.1.1 Mechanical Polish Substrate

(10 Q-cm N or P type)
2.2.1.2 Chemical Clean
2.2.1.3 HC1 etch at 1200°C for 30 minutes.
2.2.1.4, Epitaxial deposition at 1200°C using SiClh in hydrogen with PH3 and
B2H6 dopants.

Typical resistivities and thickness

P 0.2 - 0.4 Q-cm 16 to 18 microns

N 3.5 Q-cm 16 to 18 microns

(See reference 3,4,5 and 6 Epitaxial Procedures)
2.2.1.5 Oxidation (60002)

02 bubbled through H20 at 90°C, oxidation temperature was 1050°C.

(See reference 7 for Oxidation Procedure)
2.2.1.6 Photoengraving of ohmic contact and/or source and drain

(See reference 8)

-5
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2.2.1.7 Clean in HZSOL to remove photoresist. Then clean using hot HNO3 and

hot stoh followed by cold and hot water rinses.
2.2.1.8 Diffusion from BZH6 source for source and drain of P channel and/or

substrate ohmic contact of N channel.

P < 20 Ofsq. X3 =6 - 8 fringes tox = LKA
Deposition Temperature 1150°C Drive In Temperature 1000°C
Deposition Time 15 minutes Drive In Time 50 minutes
Std Atmosphere 02 through H20 at 100°C
See reference 7,9
2.2.1.9 Photoengraving of ohmic contact and/or source and drain.
2.2.1.10 (Same as 2.2 1.7)

2.2.1.11 Diffusion from PH, source for source and/or drain of N channel and

3
substrate olmic contact of P channel

Pg < 20 Q/sq. Xy =6 - 8 fringes tox = LKA
Deposition Temperature 1100°C Drive In Temperature 1000°C
Deposition Time 10 minutes Drive In Time 50 minutes

Std Atmosphere 0, through H2O at 100°C

2
See reference 7,9
2.2.1.12 Fhotoengraving of Gate Region
NOTE: Three variations were used at this point. One is to use
the original oxide and etch back to the desired thickness. The second is to
not use photoengraving but to strip all of the oxide from the wafer prior to
the gate oxide formation. The third is to use the photoengraving technique
to remove the oxide in the gate region. The latter technique was preferred

since this gives thick oxides under the aluminum bonding pads. The thick

2-6
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oxide (5 - 6KK) guarantees the full breakdown voltage of the gate oxide. The
etch back technique was found to not offer any advantages over the etch thru
techniqgue.

The sheet resistivities and junction depths of the source and drain
diffusions are critical especially when the distance between the source and
drain is less than 0.5 mil. First, the junction depths should be kept to about
1 micron initially. Secondly, when the gate oxide is formed the final Junction
depth sould be kept to less than three microns. Note that if the mask spacing
between source and drain is 12 microns and the final junction depth 3 microns
then the resultant source to drain distance is just 6 microns or about 0.25 mil.
As the source to drain distance is made smaller on the mask, the junction depth
becomes more critical. For example, the transconductance will exhibit a greater
spread across the wafer and the depletion layer spreading of the drain junction
begins to affect both the transconductance and the source to drain breakdown

voltage of the device.

2-7
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2.2.2  Formation of the Gate Oxide

To determine the important factors in the formation of the gate
oxide, a series of experiments was devised using MOS-capacitors. The
experiments take into account the initial surface condition, oxygen vacancy
distibution, segregation of the silicon dopant, thermal stress of the oxide
and contamination through the presence of hydroxyl or aikali ions, The
results of these experiments are contained in Part One dated 1 October 1965
of this two volume report. The results of those experiments formed the
basls for the processing used on the MOS field effect transistors, Because
of difficulty in obtaining correlation between the original capacitor C-V
measurements and devices made using similar processing techniques several
variations were made in the gate-oxide and gate~electrode processing. The
most significant changes made were variations in the use of P205 glass and
variations in the aluminum sintering process. It is important to note that
even though capacitor C-V curves are a good indicator of the surface statess
(Nss) they do not adequately predict the threshold voltage one expects for
an MOS transistor because of additional factors in the fabrication which
affect the knee of the C-V curve (thus the threshold voltage) and which are
not readily discernable on the C-V curves. The position of the threshold
voltage on the knee of the C-V curve was found to vary significantly with
the manner in which the SiO2 - P205 - Al interface was treated. The

processing of MOS FETs wafers and the measurement of the capacitors and trans-

istors on those wafers is described in the following paragraphs.

2-8
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The following experiments are treated in chronological order. The

results of each of these experiments is shown in figures 2.6 and 2.7.

2.2.2.1 Run 3344 - 314B (N and P Channel Units)

This gate oxide was formed using standard procedure developed for

the C-V measurements reported in Part I and is described below.

a. Cleaning Procedure:

The wafer is dipped in RF for about 15 seconds

or until the silicon surface in the gate region is hydrophobic. The

wafers are then boiled in double distilled water for about 20 minutes.

b. Initial Oxide:

An oxlide is grown in a neutral tube at 1000°C for

10 minutes in dry 02. The purpose of this oxide is two-fold. One

reason is to mask against autodoping from the source and drain

diffusions and the second is to mask against phosphorus from the

tube used for the higher temperature oxidation.

c. Oxidation in Phosphorus Doped Tube: The purpose of oxidation in a

phosphorus doped tube was to use the

275

P.O_. on the tube to mask the

movement of sodium from the tube to the wafers. (Note: It was

shown later that oxidations in neutral tubes were not

different.) Secondly, the deposition of a P205 glass could be

carried out without removal of the wafers.

and gas ambient cycle is shown below:

Pre-heat:
Oxidation:
Anneal:

P2O 5 Deposition:

Flush:
Cool:

AEROSPACE DIVISION

JTemp.

350-450°C
1100°C
1100°C
1100°C
1100°C
350-450°C

2-9

Time

15 min
42 min
60 min
5 min
5 min
5 min

The time, temperature
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The purpose of the preheat cycle is to drive off water accumulated
during wafer transfer. The anneal cycle is used to redistribute
oxygen vacancies and reduce the boron depletion from the surface.
Aluminum Evaporation: Aluminum is evaporated onto the entire surface
of the wafers immediately after the oxidation to minimize contami-.
nation. The aluminum evaporation is done from a source in a filament
on a heated substrate in a system with a liquid nitrogen cold trap.
The wafers were heated to 250°C and the evaporation was carried out
at 55°C. The aluminum film is approximately SKR.

Photoengraving: The wafers are covered with photoresist and the
contact window pattern is printed. The aluminum film is then removed
with KOH and rinsed in water. The wafers are then etched in an oxide
etch to remove the SiO2 from the areas of contact. The wafers are
cleaned in TCE. R
Aluminum Evaporation: Prior to the contact evaporation, the wafers
are vapor degreased with isopropyl alcohol. An evaporation like the
first is repeated.

Photoengraving: The aluminum contact pattern is etched and the
wafers cleaned in TCE.

Measurements on FETS and capacitors were made prior to the alloying

step. -
Alloying: These wafers were alloyed in O2 for two minutes at a
temperature close to 580°C. This is the laboratory standard alloying
procedure.

2-10
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2.2.2.2 Run 333 - 334B (N and P Channel Units)

This run was originally meant to show the difference between 1200°C
oxides and 1100°C oxides with the 1100°C P205 deposition. The initial 10 min.
oxide at 1000°C was left out accidently and as a résult autodoping at 1200°C
occurred on the P-channel device. Data on the N-channel devices showed that
they were quite similar to 334A.

2.2.2.3 Run 357 - 334C (N and P Channel Units)

The main purpose of this run was to determine the effects of
oxidation at 1200°C and the effects of P205 deposition at 900°C for wvarious
lengths of time. All of the steps for this run were the same as 2.2.2.1
(run 311;3—33“.) except for the oxidation step. The differences in the time,

temperature and ambient gas cycle are shown below.

ZTemp. Iime Gas
Pre-heat: 350-450°C 30 min N2
Oxidation: 1200°C 20 min 02
Anneal: 1200°C 30 min N2
Cool: 1000°C 5 min N
‘ 350-450°C 5 min Ng
Removed from Furnace
Pre-heat: 900°C 15 min N2
P205 Deposition: (a) 900°C 15 min PHB in 30% 0,
(b) 900°C 30 min PH, in 30% 0,
(¢) 900°C L5 min PH, in 30% 0,
Flush: 200°C 5 min N2

The purpose of the cooling cycle above was to reduce the stress on

the oxide. The purpose of the different deposition times of the P20 was to

5
get a range of thicknesses.

2-11
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After the final photoresist step, the wafers were sintered at 490°C
for various lengths of time.
2.2.2.4 Run 334d (N Channel Units)

The purpose of this next run was to show the differences between
oxides grown at 1100 and 1200°C with a 900°C P205 glass deposition. Also
one additional aluminum sentering step prior to the opening of the contact
windows was added. This run is essentially a repeat of 22.23 except for the
added sintering step. The times, temperatures and gas amblent cycles are

shown below:

Temp. Time Gas Temp. Time Gas
Preheat: 350-450°C 15 min N, 350-450°C 15 min N2
Oxidation: 1100°C 42 min O2 1200°C 20 min O2
Anneal: 1100°C 50 min N2 1200°C 50 min
Cool: 350-450°C 5 min 1000°C 5 min N2
350-450°C 5 min N2
Temp. Time Gas
Preheat 900°C 5 N2
P_0; Deposition 900°C 30 PHB in 30% 0,
Flush 900°C 5 N2

After the final aluminum etching process capacitor and device
measurements were made then the wafers were sintered again at 490°C for about
30 minutes.
2.2.2.5 Run 334e (Namd P Channel Units)

Rur 2.2.2.4, was repeated for both N and P channels using the
1200°C oxidation process and the extra aluminum sintering step prior to

photoresist.

2-12
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2.2.3 Discussion of Results

The capacitance-~voltage curves taken at 100KC and the MOS transistor
turn on characteristics at various current levels are shown in Figures 2.5 and 2.6.
The measurement techniques are described in Part I of this two volume report. -

The experiment described in 2.2.2.1  (Run 334A-31LB) showed that
even though the basic procedures such as surface cleaning, oxide growth, and
aluminum evaporation remained the same, significant differences between the C-V
curves obtained on the é&pacitors made early in the program and these capacitors
existed. Also, the device threshold voltages did not agree with the C-V measure-
ments made on the same wafer initislly. After the devices were alloyed at about
580°C the C~V curve was found to hawe shifted to the left indicating an increase
in Nss. Correlation between C-~V curves and threshold voltages still was not
obtained. The voltage shift between the theoretical curve with Nss = 0 and this
experimental curve was about 7 volts indicating an Nss of about 1.2 x 1012 which
was much higher than that typically obtained with the earlier capacitor runs.
The conclusion was drawn that the process variations that existed between capaci~
tor and device fabrication were most significant and that they would have to be
eliminated to obtain good devices. The main areas of processing differences
between capacitors and devices are first the steps required to obtain the source
and drain diffusions and second, the etching of the aluminum and oxide to obtain

windows for ohmic contacts.

2-13
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The experiment described in 2.2.2.2 (333-334B) is the same as that
in 2.2.2.1 except that the gate oxidation was done at 1200°C. The autodoping
that occurred on the P-channel wafers showed that the 10 minute oxidation at
1000°C was necessary. In this case, the wafers were sintered at 490°C after
the aluminum contact pattern was etched to determine if the high alloying
temperature was causing any problems. The curves show that before heat treat-
ment the 1200°C oxides were not as good as 1100°C oxides and after heat
treatment both moved to the left indicating an undesirable process. The low
temperature sintering did not move the curves as much as the alloying step so
that the final result for both runs is about the same. The high temperature
(580°C) alloying step was deleted from the processing and all further runs were
sintered at about 500°C. In 2.2.2.3 (Run 357-334C) an experiment is described
which was designed to show the effect of oxidation at 1200°C with a P205 glass
deposition at 900°C for various lengths of time. The reason for the change in
temperature for the P205 deposition was that it had been reported that not only
did P205 prevent sodium ions from moving into the glass but also Eﬁft the P205
was a very good getter of sodium ions already present in the glass. The curves
in Figure 2.6 show that the initial surface states were large; however, upon
sintering at 500°C for long periods of time the surface states were reduced.
From this run it appeared that the 30 minutes deposition was better than the 15
minutes and 45 minutes depositions since lower surface states were obtaired.
This was the first run where correlation between C-V curves and threshold
voltages of capacitors and transistors on the same wafer were obtained. It was
observed that over sintering was possible, i.e. as the sintering time was

increased the curves first moved in showing a decrease in surface states and

2-14
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then moved out showing an increase in surface states. These capacitors did not
behave in a manner similar to the capacitors made early in the program indicating
further process adjustment was necessary.

In the experiment described in 2.2.2.4 (Run 334d) it was shown that
there was little difference between oxides grown at 1100°C and 1200°C with the
time, temperature cycles used. The most significant part of this experiment was
that the one additional sintering step prior to etching the windows through the
8102 for ohmic contact appeared to reduce the surface states significantly. The
first measurements were made after the first sintering step but after the photo-
resist step. These measurements indicated that the Nss was about 6 x 1011
which is comparable to that obtained with the C-V measurements reported in
Volume I. The turn on voltage at 10 pa for the N-channel units was about +l.5v.

Note that excellent correlation between the turn on voltage measured
and as indicated by the C-V curve was obtained.

In 2.2.2.5 (Run 33L4e) the experiment discussed in 2.2.4 (Run 334d)
was repeated using only the 1200°C oxidation process for both N and P channel
units. Again, the added sintering step after the first aluminum evaporation
but prior to the photoresist step was used. The results obtained in this
experiment were the same as obtained in 334d with only tenths of volts differences
in turn on voltages between the two runs.

Also note that after 30 minutes anneal at 490°C that no shift in the
C-V curve was observed except for a change in the shape of the knee of the curve.
This change could be caused by increased frequency response of the surface states.

A slight increase in the turn on voltage was observed for the P-channel units.

2-15
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In summary, both the phosphorus glass and the two aluminum processing
steps with sintering immediately after the first aluminum evaporation were

required to obtain N and P channel enhancement mode devices. Note that the

N and P channel units were fabricated simultaneously showing that the processing
steps are suitable for the fabrication of complementary monolithic functional
blocks in epitaxial material. The flow diagram of the final process is shown

in Figure 2.7.

One final point should be brought out. That is that the doping level
(Na) indicated by the C~V curves is much higher than that indicated by the four-
point-probe resistivity measurements on the epitaxial material. This points to
the fact that the majority carrier mobility in the epitaxial layer is much lower
than mobility in bulk material that has not been through temperature cycles.

It was estimated that the majority carrier mobility in the epitaxial
material is smaller by a factor of two than the mobility in untreated bulk
silicon. Also from measurements of the transconductance the majority carrier
mobility in the inversion layer is smaller by more than a factor of three than
the mobility in untreated bulk material.

A summary of the typical electrical characteristics of the N and P
channel units is shown in Table 2.2.

2-16
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2.2.4 Stability Tests
Both N and P channel MOS transistors fabricated as shown by the flow

diagram in Figure 2.7 were packaged and subjected to temperature-bias stress to
determine the stability of the turn on voltage (Vgst). The results of the tests
are shown in Table 2.3. The turn on voltage was measured at 10 pa in every case.

It is important to note that the bias was removed while the units were at 150°C.
The units were then removed from the oven and allowed to cool to room temperature.
Upon further discussion of stability it was realized that if polarization occurred
at the elevated temperature which was caused by the bias that removal of the bias
at the elevated temperature might allow the polarization to relax such that the
original oxide state was obtained. The stability test was repeated but in this
case the units were allowed to cool to room temperature with the bias applied.

The results are shown in Table 2J Column A. The units were then stored with no
bias at room temperature for six hours. Measurements were then repeated and the
results shown in Column B. Finally the units were stored at 150°C for two
minutes with no bias. The results are shown in Column C. Note that first, the
polarization was slowly relaxing at room temperature and second that the polari-
zation rapidly relaxed at 150°C. Note that the final turn on voltage is almost
the same as the initial voltage. This point is important since the tests indicate
that the turn on voltage changes are caused by a polarization effect and not ionic
drift. The polarization effect is not permanent while changes caused by ionic
drift are permanent shifts and would be observed no matter how the units were

cooled.
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TABIE 2.3
STABILITY TESTS
Vgst @ 10 pa
160 hrs. - 150°C
Unit No. Bias B A V Shift
ae L6 - 1(N) +22.5v 1.97v 1.82v -.05v
ae 46 - L(N) -22.5 0.84 0.94 +0.10
af 6 - 11(N) +22.5 2.66 2.62 -0l
af 6 - 12(N) -22.5 2.53 2.43 -,01

ad 87 - 5 (P) +22.5
ad 87 - 6(P) -22.5
ad 87 - 1(P) +6.8

ad 87 - 2(P) -6.8

AEROSPACE DIVISION

17 hrs. - 150°C

-4 .49 -4.73 -2

-Aosh .hogl "037

~4.57 -1,.60 -.03

-4 .42 -4 .47 -.05
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TABIE 2.4

After
Initial Temp-Bias Stress Room Temp Recovery High Temp Recovery

Bias +H2v
Time 16 hrs
Temp 25°C 150°C
af-7 (N-channel)

+1.
V8 st +1.91 144
AV | =0.47
Vg st
Av
M 841-A (P-channel)
vgst -4.43 -5.04
AV -0.71
vgst
AV

AEROSPACE DIVISION

-12v
16 hrs

150°C

+2.15
+0.21§

-4.09
+.34

B

After

@..

C
After

0

+1.73
-0.29
+1.98
+.07

-14» -811-
-0.41

o)

2 min

+150°C

+1.90
-0.01
+1.90
-0.01

-LF . h3

-AOM
~.01
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5537A-PF-22

Figure 2.1 Annular MOS FET Geometry

\' .V
VgsT 6s= Vas ¥ 4o

——— —

14z 10 ke

VqS l Igs

(a) TRANSFER CHARACTERISTICS (b) OUTPUT CHARACTERISTICS

5537A-VYA-5

Figure 2.2 Transfer Characteristics
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b= by

ngT Vi &— 0 —»
- VgS +

5537A-VA-6

Figure 2.3 Comparison of V& and vgst on C-V Curves
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! i

: |
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1

5537A~-VA-4

Figure 2.4 Determinatijon of Nss By Shift in C-V Curves
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3.0 CONCLUSIONS AND RECOMMENDATIONS

A process for the fabrication of complementary enhancement mode MOS
transistors has been developed. The techniques used for the fabrication show
that the process is compatible with the simmltaneous fabrication of N and P
channel units on epitaxial material., The turn on voltage at 10 pa drain to
source current for the P channel units is about -5v and the turn on voltage
for the N channel units is about +1.5v. The stability tests indicate that
while there is no permanent shift of the turn on voltage upon temperature-
bias stress there is a temporary shift caused by polarization of the phosphorus
glass. Processing improvements such as optimizing the phosphorus glass time-
temperature cycle and aluminum sintering process are reguired.

It is recommended that less P205 glass be utilized, that greater
emphasis be placed on the time and temperature of the sintering step immediately

after first aluminum evaporation and further experiments be conducted using

different types of aluminum vapor deposition systems. Further, since many
of the variables have been eliminated, it would be informative to repeat the
experiments using other metals for the gate electrode such as nickel or
chrome-gold. An experiment to compare devices made in untreated bulk silicon
would also be of interest. Finally, experiments in which the N or P channel
device is made in a diffused pocket would significantly aid the fabrication
of integrated complementary logic circuits.

It is the authors' opinion that these processing wvariations can
best be determined while engaged in the fabrication of a complementary mono—
lithic circuit with specific operational goals.
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